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@ Process for immobilizing environmentally noxious metals and organic substances. 



@ A process of immobilizing environmentally nox- 
ious organic, particularly aromatic, substances by 
absorbing same on a layered clay mineral modified 
by exchange with a quaternary ammonium com- 
pound, thereby increasing the spacing between the 
layers and rendering the adsorption surfaces hy- 
drophobic. 

After adsorption of the organic compounds the 
spacing between the layers of the layered clay min- 
eral is reduced by a layer spacing reducing agent, 
and subsequently the clay mineral comprising the 
organic compounds is mixed with a hardenable in- 



organic binder and the whole is hardened. 

A typical example of a modifying agent is a 
quaternary ammonium compound, and of a layer 
spacing reducing agent an alkaline substance, such 
as sodium hydroxide. 

Typical clay minerals are chosen among the 
smectite minerals, tectosilicates and phyllosilicates, 
preferably monthmorillonite clay is used. 

The inorganic binder 'may be a calcium hydrox- 
ide compound or a calcium containing cement, pref- 
erably containing fly ash. 
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Process for immobilizing environmentally noxious metals and organic substances 



The invention relates to a process for immo- 
bilizing environmentally noxious substances by 
mixing with a hardenable binder and hardening the 
mixture to form a hard material. 

Such a process for immobilizing waste contain- 
ing noxious metals by mixing same in an aqueous 
medium with Portland cement and an aluminium 
silicate or aluminosilicate in the form of fly ash, 
followed by allowing this material to harden to form 
a rock-like product Is known. No noxious metals 
can be leached out of such a rock-like product, 
with the result that said product can be stored in 
the soil without difficulty. 

Said process is, however, unsatisfactory for 
immobilizing organic waste since, as a result of the 
slight interaction between the organic material and 
the cement-like matrix of the product, soluble or- 
ganic and insoluble organic substances can readily 
be leached out by ground or rain water. 

In order to eliminate this difficulty, it is known 
to adsorb organic substances on an additive. Ad- 
ditives mentioned in the literature are varieties of 
clay modified with alkylammonium compounds in 
which the interlaminar spacing between the layers 
of the clay has been increased and the adsorption 
surfaces of the clay have been opened in order to 
increase the adsorption of organic molecules, the 
adsorption surfaces of the clay, in addition, having 
been rendered no longer hydrophilic but or- 
ganophilic. 

A difficulty in using such varieties of clay modi- 
fied, in particular, with alkylammonium compounds 
is that, after the adsorption of the organic com- 
pounds, the interlaminar spacings between the lay- 
ers of the varieties of clay continue to exist, as a 
result of which desorption of the organic compound 
from the variety of clay is nevertheless possible, 
with the consequence that the organic compounds 
can again readily be leached out of the hard rock- 
like product obtained. 

The object of the invention is now to provide a 
process in which the risk of desorption of the 
organic compounds from such modified varieties of 
clay is considerably reduced. 

This object is achieved, according to the inven- 
tion, in that a process for immobilizing environmen- 
tally noxious organic substances by adsorbing 
them on layered natural or synthetic adsorption 
compounds modified by exchange with modifying 
agents containing groups which increase the spac- 
ing between the layers of the adsorption compound 
and render the adsorption surfaces of the layered 
adsorption compound hydrophobic, after which the 
adsorption compounds obtained, which have ad- 
sorbed the organic substances, are mixed with an 
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organic binder and the whole is hardened, is char- 
acterized in that, after adsorption of the organic 
substances, the spacing between the layers of the 
layered adsorption compound is reduced my 

5 means of a layer-spacing reducing agent. By re- 
ducing the spacing between the layers of the lay- 
ered adsorption compound, the adsorbed organic 
substances are very well encapsulated in the lay- 
ered adsorption compound, with the result that said 

70 organic substances can no longer readily be desor- 
bed and therefore subsequently leached out of the 
hardened product. 

With particular advantage, the spacing between 
the layers of the layered adsorption compound is 

75 reduced by removing groups from the modifying 
agent which are responsible for increasing the 
spacing. 

Advantageously, the layered adsorption com- 
pound is composed of a clay mineral, in particular 
20 a smectite modified by exchange with quaternary 
ammonium compounds, in particular quaternary 
ammonium salts. 

Expediently, the layered adsorption compound 
is chosen from synthetic and natural tectosilicates 
25 and phyllosilicates. As examples of tectosilicates, 
mention may be made of ultramarine compounds, 
synthetic zeolites in the form of zeolite A, zeolite X, 
zeolite Y, zeolite and zeolite , and natural zeolites 
such as chabazite, erionite, heulandite, mordenite 
30 and clinoptilonite. 

Examples of phyllosilicates are attapulgite. ver- 
micultte, montmorillonite, bentonite, ilite, micas and 
hydromicas, kaolin and chrysotile. 

Preferably, the adsorption compound is com- 
35 posed of montmorillonite. ; 

Advantageously, use is made of an alkyl- 
phenylammonium salt as modifying agent for modi- 
fying the layered clay minerals, the aikylphenyl 
ammonium group being exchanged for the sodium, 
40 potassium and/or calcium ions present in the lay- 
ered clay mineral. 

If use is made of a quaternary trialkyl- 
phenylammonium compound, an alkaline sub- 
stance which yields a dialkylphenylamine and an 
45 alkene compound when exposed to heat is prefer- 
ably used as layer-spacing reducing agent. 

The dodecyl group, which increases the layer 
spacing, is detached from a phenyldimethyl- 
dodecylamine group, which is attached to an active 
50 site of the montmorillonite. when exposed to an 
alkali hydroxide. 

The accompanying Figure 1 shows diagram- 
matically two layers of a montmorillonite modified 
by exchange with an alkylphenylammonium com- 
pound and Figure 2 shows the way in which an 
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organic compound in the fornn of phenol is re- 
ceived between the two layers held at an Increased 
spacing, each connposed of an SiO2.AI2O3.SiO2 
layer. 

Finally. Figure 3 shows the same state as in 
Figure 2 but after reducing the Increased spacing 
between the two layers. 

In particular, aromatic compounds such as ben- 
zene, phenol, chlorophenol compounds, 
chloronaphthalene compounds, nitrobenzene, 
triethanolamine, chloroaniline, RGBs, dioxins and 
dibenzofurans. halogenated hydrocarbons and the 
like can be adsorbed well with the aid of clay 
minerals, more particularly montmorillonite, modi- 
fied by aikyiammonium compounds. 

It will be clear that the process according to 
the invention offers particularly great advantages in 
immobilizing environmentally noxious organic ar- 
omatic substances. 

To improve the immobilization of organic com- 
pounds, they may advantageously be chemically 
bound to a group of the modifying agent, such as 
by a Diels-Alder reaction or a Friedel-Crafts reac- 
tion. Specifically, trichloromethane may react with a 
phenyl group of a modifying agent by a Friedel- 
Crafts reaction to form a triphenylmethyl group and 
hydrogen chloride. 

The invention will now be illustrated by means 
of a number of exemplary embodiments. 

Example 1 

A montmorillonite clay in the form of a ben- 
tonite clay is finely ground to a particle size of 
approximately 200 mesh, after which the clay is 
dried and then converted into the sodium form by 
treating it for 20 hours with 100 ml of aqueous 1M 
sodium chloride. After removing the supernatant 
salt solution by centrifugatlon and again treating 
the clay with a fresh molar salt solution, the sodium 
form of the montmorillonite clay was treated with 
benzyldimethyltetradecyl ammoniumchloride. 

In this process, the aikyiammonium groups are 
exchanged for the sodium ions of the modified 
bentonite clay. 

After completion of the exchange, the modified 
clay was washed well with water, dried and again 
ground to a powder. 

The modified bentonite clay obtained was then 
treated with a phenol solution, the phenol present 
being virtually completely adsorbed in the modified 
bentonite clay. 

After treatment with the phenol-containing solu- 
tion, 2 kilograms of the phenol-containing clay were 
mixed with sodium hydroxide as a layer-spacing 
reducing agent, as a result of which the tetradecyl 
group was detached with heat being supplied. 



Then mixing was carried out with 40 kilograms of 
Portland cement and 40 litres of water in a con- 
tainer, after which 10 kilograms of fly ash were 
added. 

5 The mixture obtained was allowed to harden for 

28 days. 

It was not possible to extract any phenol from 
the blocks obtained, whereas, without using a 
layer-spacing reducing agent, a small quantity of 
70 phenol can in fact be detected in the extract. 



Example 2 

75 Example 1 is repeated but trimethylphenylam- 

monium chloride is used as modifying agent for the 
bentonite clay. 

In this case, too, phenol is excellently ad- 
sorbed. 

20 After the adsorption, the spacing between the 

layers of the bentonite clay is reduced by adding a 
potassium hydroxide as layer-spacing reducing 
agent. 

After mixing with Portland cement and fly ash 
25 in accordance with Example 1 and hardening, 
blocks are obtained from which no phenol can be 
extracted. 

If treatment with a layer-spacing reducing 
agent is omitted, a certain quantity of phenol can in 
30 fact be extracted from the blocks. 



Example 3 

35 Bentonite clay is modified with hexadecyl- 

trimethylammonium bromide and the modified ben- 
tonite clay obtained is used to adsorb chloronaph- 
thalene. 

By using sodium hydroxide as layer-spacing 
40 reducing agent, an excellent adsorption of the 
chloronaphthalene is obtained which can no longer 
be extracted from the blocks obtained after har- 
dening in accordance with Example 1. 

45 

Example 4 

Example 1 is repeated, but chloroaniline is 
adsorbed as organic aromatic compound, after 
50 which the chloroaniline is chemically bound to the 
modifying agent by a Friedel-Crafts reaction. 

After using sodium hydroxide as layer-spacing 
reducing agent, the chloroaniline can virtually no 
longer be extracted. 

55 

Claims 
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1. Process for immobilizing environrrientally 
noxious organic substances by adsorbing them on 
natural or synthetic layered adsorption compounds 
modified by exchange with modifying agents con- 
taining groups which increase the spacing between s 
the layers of the adsorption compound and render 

the adsorption surfaces of the layered adsorption 
compound hydrophobic, after which the adsorption 
compounds obtained, which have adsorbed the or- 
ganic substances, are mixed with an inorganic io 
binder and the whole is hardened, characterized in 
that, after the adsorption of the organic substances, 
the spacing between the layers of the layered 
adsorption compound is reduced with the aid of a 
layer-spacing reducing agent. i5 

2. Process according to claim 1, characterized 
in that the layer-spacing reducing agent is com- 
posed of a compound which removes layer-spacing 
groups from the modifying agent. 

3. Process according to claim 1 or 2, char- 20 
acterized in that the layered adsorption compound 

is a clay mineral, preferably a smectite compound. 

4. Process according to any one of claims 1-3, 
characterized in that the layered adsorption com- 
pound is chosen from synthetic and natural tec- 25 
tosiiicates and phyllosilicates. 

5. Process according to claim 4, characterized 
in that the clay mineral is a montmorillonite clay. 

6. Process according to any one of the preced- 
ing claims, characterized in that the modifying 30 
agent is a quaternary ammonium compound. 

7. Process according to claim 6, characterized 
in that, if a quaternary ammonium compound is 
used, the layer-spacing reducing agent is chosen 
from an alkaline substance. 35 

8. Process according to any one of the preced- 
ing claims, characterized in that the organic sub- 
stances are aromatic organic substances. 

9. Process according to any one of the preced- 
ing claims, characterized in that the organic sub- 40 
stances to be immobilized are chemically bound to 

the modifying agent. 

10. Process according to any one of the pre- 
ceding claims, characterized in that the inorganic 
binder is composed of a calcium-containing ce- 45 
ment mixed with an aluminium silicate and/or a 
aiuminosiiicate. 

11. Process according to claim 8, characterized 
in that the aiuminosiiicate is fly ash. 

12. Process according to any one of the pre- 50 
ceding claims, characterized in that the inorganic 
binder is composed of a calcium hydroxide com- 
pound. 
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